
HELGOLANDER MEERESUNTERSUCHUNGEN 
Helgolfinder Meeresunters. 49, 335-353 (1995) 

The Dogger  Bank: a special  ecological  region in the 
central North Sea 

I. K r 6 n c k e  1 & R. K n u s t  2 

1Porschungsinstitut Senckenberg, Schleusenstr. 39a; 26382 Wilhelmshaven, Germany 
2 Alfred- Wegener-Institute for Polar and Marine Research; 27515 Bremerha ven, Germany 

ABSTRACT: This paper is a review of the present state of knowledge about the ecology of the 
Dogger Bank, a shallow area in the central southern North Sea. The biological situation in this region 
is different from other regions in the North Sea; phytoplankton production occurs throughout the 
year, connected with low periodicity in macrofaunal abundance and condition of fish. Against 
prevailing opinions, the Dogger Bank, an offshore region, seems to be affected by eutrophication 
and pollution. 

I N T R O D U C T I O N  

The  D o g g e r  Bank  is a sha l low w a t e r  a r ea  in the  s o u t h e r n  cen t ra l  Nor th  Sea,  300 km 
in e x t e n s i o n  (Fig. 1). A b o u t  8000 years  ago,  this b a n k  was  the  sou the rn  bo rde r  of the  

Nor th  Sea.  Dep ths  r a n g e  b e t w e e n  18 and  40 m, T h e  D o g g e r  Bank  is i n f l u e n c e d  by 
At lant ic  w a t e r  masses  c o m i n g  from the  nor th  and  w a t e r  in f low th rough  the  C h a n n e l  from 

the  south.  For a long  t i m e  it was  a s s u m e d  tha t  offshore  r eg ions  in the Nor th  Sea,  such  as 

the  D o g g e r  Bank,  w e r e  not a f fec ted  by e n v i r o n m e n t a l  changes ,  i nduced  by h u m a n  
activit ies.  Recent ly ,  e v i d e n c e  was  p r e s e n t e d  that  the  D o g g e r  Bank  is an  a rea  of spec ia l  

eco log ica l  condi t ions .  T h e s e  resul ts  w e r e  ma in ly  o b t a i n e d  wi th in  the  f r a m e w o r k  of two 
l a rge  in te rd isc ip l inary  pro jec ts  at H a m b u r g  Univers i ty .  T h e  p r e s e n t  in format ion  for the 

d i f ferent  eco log ica l  c o m p a r t m e n t s  in the  a rea  of the  D o g g e r  B a n k  can  be  s u m m a r i s e d  as 

follows. 

C L I M A T E  

Nor th  Sea  surface  t e m p e r a t u r e s  f rom 1902-54 and  f rom 1971-80 (Tomczak  & 

G o e d e c k e .  1962: Becke r  et al., 1986) do not s h o w  a s igni f icant  increase .  Tay lor  & 

S t e p h e n s  (1983) m e n t i o n e d  a smal l  i nc r ea se  of su r face  t e m p e r a t u r e s  of 0.3 ~ in win te r  
and  spr ing  in t he  S o u t h e r n  Bight  f rom 1961 to 1976. In the  s u m m e r  of 1990, N i e l s e n  et al. 

(1993) r e p o r t e d  t e m p e r a t u r e s  of 10 to 11 ~ f rom the  ver t ica l ly  m i x e d  w a t e r  at the  D o g g e r  

Bank, w h i c h  w e r e  s imilar  to the  overa l l  su r face  t e m p e r a t u r e s  of the  cent ra l  sou thern  
Nor th  Sea.  W i n d  da ta  {Seewe t t e ramt  H a m b u r g ;  pers ,  comm.)  do not  s h o w  any  h i g h e r  

f r e q u e n c y  of h e a v y  s torms occur r ing  d u r i n g  the  e igh t i e s  t han  du r ing  the  fifties. 

cD Biologische Anstalt Helgoland, Hamburg 
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HYDROGRAPHY 

The hydrographic regime of the Dogger Bank is characterized by a complicated 
regime of currents and eddies. Within the anti-clockwise residual current system of the 
North Sea, Atlantic water comes from the north and meets the residual currents from the 
Straits of Dover south of the Dogger Bank (B6hnecke, 1922) (Fig. 1). Eddies are likely to 
be formed, causing areas of weak currents and increasing sedimentation. A hydrographic 
model run with 13 years of actual data collected by Hainbucher  et al. (1986) indicates the 
occurrence of eddies in the Dogger Bank region. Nielsen et al. (1993) used a scheme for 
water column structure from Bo Pedersen (1993) which shows that during summer  the 
Dogger Bank is inf luenced by water masses reaching the area from the southern central 
North Sea as well as by those coming from the North, both meet ing and mixing at the 
Bank (Fig. 2). 

WATER COLUMN 

Peeters & Peperzak (1990) and Riegman et al. (1990) investigated nutr ient  limitation 
in the central North Sea and found ni t rogen to be limiting, in contrast to Si and P in 
coastal regions. In stratified water dur ing summer,  Nielsen et aI. {1993) found lowest 
concentrat ions of nitrate and phosphate south of the Dogger Bank as well as in the area 
proper; highest values were found in the bottom water north of the Bank. 

Liebezeit (1988, 1993) reported high concentrat ions of dissolved humic compounds 
on the Dogger Bank as result of riverine input  (Fig. 3). 

Concentrat ions of dissolved heavy metals are low in the central North Sea (Kremling 
et al., 1987; Kremling & Hydes, 1988; Fi leman et al.. 19911. In contrast, heavy metals 
associated with particular matter show elevated concentrat ions in the Dogger Bank area 
(Delbeke & Joiris, 1987; Schmidt & Dicke. 1988}. 

SEDIMENTS 

The sediments  of the Dogger Bank proper are fine sands with large amounts  of 
shells; the deeper  parts around the Bank are muddy  fine sands /Figge, pers. comm. m 
Kr6ncke, 1991). 

Von Haugwitz & Wong (1988) find tidal currents to be insufficient for sediment  
transport, but  storms and storm-induced currents will erode and resuspend the fine 
fractions of the sediments.  

The < 20 ~tm fractions of sediments in Dogger Bank sediments, especially at the Tail 
End, contain twice as much organic carbon as those in coastal sediments  (Wirth & 
Wiesner, 1988) (Fig. 4). 

The porewater  nut r ient  concentrations are low compared with other marine  sedi- 
ments, but  indicate benthic  fluxes of equal  importance, compared to those est imated for 
the Southern Bight of the North Sea (Van Raaphorst et al., 19901. 

When compared with coastal sediments,  the highest  concentrations for lead and 
cadmium are found in the fine fraction (< 20 ~m) of Dogger Bank and adjacent  sediments  
(Albrecht, 1987; Irion & Mfiller, 1987; Kersten & Klatt, 19881 (:Fig. 5). Irion & Mfiller (199GI 
could show, by dated sediment  cores, that within the uppermost  10 cm there is an 
increase of 100-150 % in lead concentrat ion in the eastern (Fig. 6a) and  southern part of 
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Fig. 3. PHC distributions in surface and bottom waters in June 1987 (Liebezeit, 1993) 

the Dogger Bank (Fig. 6b). Kersten & Kr6ncke (1991) presented evidence that the fine 
fraction (< 20 ~tm) of the Dogger Bank sediments  have lead levels that are twice as high as 
those in sediments  from the German  Bight. 

Concentrat ions of several organochlorine pesticides (Lohse, 1988) and polycyclic 
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Fig. 4. Regional distribution of total organic carbon {%) in the < 20 um fraction of sediments 
(Wirth & Wiesner. 1988) 

aromatic hydrocarbons {Klamer et al., 1990) in sediments  of the Dogger Bank are 
comparable to those of coastal areas. 

PHYTOPLANKTON 

The Dogger Bank is a region of high phytoplankton production throughout  the year, 
as indicated by nutr ient  distribuUon (Fig. 7) {Brockmann & Wegner,  1985; Richardson & 
Olsen, 1987; Brockmann et al., 1990). Only part of the dense spring blooms is consumed 
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Fig. 5, Lead concentration (mg/kg) in the < 20 ~tm fraction of sediments (Kersten & Klatt. 1988~ 

within the water  column; the major part settles to the sediment  surface (Nielsen & 

Richardson. 1989}. Nielsen et al. (1993) reported subsurface phytopIankton blooms 
during the summer,  mainly consisting of small flagellates.  During the summer  as well, 

production of grazable  phytoplankton does not s eem to be sufficient to mee t  copepod 

ene rgy  requirements .  This indicates, in connect ion with high bacterial  biomasses  in the 
wate r  column, the importance of the microbial loop within the carbon cycle. 

Concentrat ions  of organochlorines in plankton are highest  in the central  North Sea 

(Knickmeyer & Steinbardt,  1989)�9 
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Pig. 5~ Zinc and lead concentration 1<2 Bm fraction, mg/kg) in sediment cores from the eastern part 
(a) and south of the Dogger Bank (b) (Irion & Miiller, 1990) 

BENTHOS 

A long-term comparison be tween  data from 1950-1954 (Ursin. 1960, Kirkegaard, 
1969: Petersen & Hepner,  1977; Birkett, unpubl ,  data in Kr6ncke, 1991) and  1985-87 
(Kr6ncke. 1990, 1992) reveal changes  in the macrofauna communit ies  of the Dogger 
Bank, These are characterized as follows: h igher  species numbers;  increase  of oppor- 
tunistic, short l iving species; decrease of long-l iving bivalves and  a 2.5- to 8-fold increase 
in  biomass. 

The seasonal  periodicity within several macrofaunal  groups from the Dogger  Bank 
does not  show such distinct variations as m the coastal regions. Figure 8 shows the means  
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of abundances  for each systematic group dur ing the period from May 1985 to April 1987. 
Crustaceans showed distinct seasonal variations, with reproduction occurring mainly 
during winter (Fig. 8a, b). Among the polychaetes (Fig. 8c), the Errantia did not show 
seasonal variations, whereas the Sedentar ia  were most abundan t  during summer.  Simi- 
larly, bivalve (Fig. 8d), echinoid (Fig. 8e) and  phoronid (Fig. 8f) abundances  were highest 
in August  1986. It is unknown,  whether  densities of bivalves and echinoids were 
correspondingly high in August  1985, because  sampling was delayed until  October that 
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year. If the densities were high, au tumn  is identified as a period of severe mortality for 
these groups, which, for example, may be due to intense predation by dab. 

In contrast, abundances  of the remain ing  groups (i.e. vagile polychaetes, gastropods, 
ophiurids and actinians, Fig. 8 c, d, e and  f) remain  uniformly low during the study period. 

Figure 9 shows the seasonal variations in mean  biomass and a b u n d a n c e  of potential  
prey items and stomach contents of dab (I_~'manda limanda) for the nor theas tern  part of 

t h e  Dogger Bank over three years. All parameters  follow a bimodal distribution, peaking  
in spring and in summer.  The lowest values are recorded in early summer.  

Several macrofauna species here show higher  concentrat ions of heavy  metals (Fig. 
10) (Kr6ncke, 1987; Borchardt et al., 1988; Karbe et al., 1988; Everaarts & Fischer, 1989; 
Everaarts et al., 1990) and organochlorines (Knickmeyer & Steinhardt, 1988a, b) than in 
coastal regions. 
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FISH 

Dethlefsen et al. (1987) found higher percentages  of several diseases of dab 
(Limanda ]imanda) on the Dogger Bank (Fig. 11). Claussen (1988) measured  the highest  
concentrat ions of Cd and Pb in dab compared with fishes from the German  Bight or 
Danish waters. BOther (1988) analysed organochlorine pesticides in dab and  found no 
decreasing gradient  for several components  towards the open sea (Fig. 12). 
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Knust (1987, 1990a, b) found lower  condi t ion and gonadosomat ic  indices  in dab  from 
the Dogger  Bank, when  c o m p a r e d  with dab  from the Ge rman  Bight. The condi t ion factor 
did not follow any seasonal  per iodici ty  (Fig. 13). 

FISHERIES 

Purdom & Garrod  (1990) repor ted  an  increase  in f ishery for haddock,  cod and  plaice 
on the Dogger  Bank since 1950. In contrast,  Rauck, Daan  and  Pope (pers. comm.) s ta ted 
that  the Dogger  Bank had  been  un impor tan t  for commercia l  fisheries for the  pas t  10 
years,  and  the above  men t ioned  increase  was  negl ig ib le  in relat ion to the whole  North 
Sea. Sandee l  fishery t akes  p lace  in spr ing a round  the Dogger  Bank with l ight  gea r  that 
should not be  d a m a g i n g  to the  sea floor (Popp Madsen,  pets ,  comm.). 
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DISCUSSION 

The present  hterature gives evidence that the ecology on the Dogger Bank differs in 
many  respects from that of coastal regions. Primary production occurs throughout  the 
year with maximum bloom density occurring in winter  and spring. High bacterial  
biomasses indicate the importance of the microbial loop within the carbon cycle in the 
water column as well as in benthic  fluxes. 

In contrast to the German  Bight, where  macrofaunal  abundance  showed a distinct 
unimodal  periodicity with maxima in summer  and minima in winter (Rachor & Gerlach, 
1978), the pe rmanen t  food supply might  result in the bimodal  pattern in both abundance  
and  biomass, with one maximum in spring and another  in au tumn on the Dogger Bank. 
The stomach contents of dab varied correspondingly.  In contrast to the German  Bight, the 
addit ional supply of food in spring on the Dogger Bank might explain why dab exhibit a 
constant  condition factor in this area throughout  the year. 

The changes found over the last 35 years in the macrofauna communit ies  of the 
Dogger Bank fit well into the con t inuum given by Pearson & Rosenberg (1978) for 
communit ies  under  increasing eutrophicat ion of the environment .  Duineveld  et al. (1987) 
ment ioned a drastic increase of ophiurids in the whole southern North Sea, due to 
enr ichment  of organic matter. The Dogger Bank is inf luenced by two different water 
masses. The nor thern part is inf luenced by the nutr ient-  and contaminant-r ich Atlantic 
bottom waters, responsible for high concentrat ions of total organic carbon and  pollutants 
on the Fishers Bank north of the Dogger Bank. On the other hand,  the Dogger Bank 
proper and the southern part are inf luenced by the hydrological regime of the central 
southern North Sea, which transports nutr ients  into the area from the English coast and  
the Channel  towards the German  Bight. Therefore, changes in the macrofauna  com- 
munit ies  at the Dogger Bank reflect the increasing input  of organic material  into this area 
comprised of sandy sediments.  In addition, a high contaminat ion of the < 20 Bm fraction 
of sediment  on the Dogger Bank is present.  Contaminat ion increases along the food web 
via macrofaunal  ingest ion of the fine fraction of sediments  and the feeding of dab on 

macrofauna. 
For the time being,  existing data sets for the Dogger Bank are limited and  can only 

partly describe the ecological si tuation of this area. One should, therefore, intensify 
investigations on the Dogger Bank to estimate the elasticity of the system as a part of the 
polluted North Sea. More information is needed  per ta ining to sed iment  structure, 
sediment  movements,  input  and  resuspension of small sediment  fractions, persis tance of 
organic matter in the food web, succession of the benthic  communit ies u n d e r  increasing 
organic input  and the bioavailabili ty of contaminants  for the organisms. 
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